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Abstract. We present the renormalization group analysis for the problem of a spin-S impurity in nearly 
ferromagnetic Fermi liquid. We evaluate the renormalization group function that governs the temperature 
behavior of the invariant charge to the second order of both weak and strong coupling expansions. It allows 
us to determine behavior of the zero field magnetic susceptibility of impurity at low and high temperatures. 
We predict that derivative of the susceptibility with temperature should always have the maximum. 
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I 1 Introduction 

' The study of droplets of a local order in a non-ordered 
phase remains on a frontier of the modern condensed mat- 
ter physics. Especially interesting situation appears when 
the non-ordered phase is near criticality [1]. A particu- 
lar example of it is the problem of a magnetic impurity 
in Fermi liquid close to the ferromagnetic instability [2] 
which bares on the same fundamental issue as the Kondo 
effect [3, 4] but remains only partially solved so far. The 
problem was pioneered by Larkin and Melnikov [5] who 
studied a magnetic impurity in nearly ferromagnetic Fermi 
] liquid, i.e., in Fermi liquid with 1 -I- Fq <C 1 where Fq de- 
. notes the standard Landau coefficient in the triplet chan- 
' nel [6]. It was shown that a magnetic impurity acquires 
, a giant magnetic moment by inducing a droplet of spin- 
' polarized electrons with a size a {l + F^y^/^ which greatly 
' exceeds length scale a which is of the order of an inter- 
atomic distance. The theoretical description of the phe- 
nomenon is based on the concept of paramagnons [7] which 
are the low-energy collective excitations in Fermi liquid 
close to the ferromagnetic instability. 

Experimentally the impurities with giant magnetic 
moments in nearly ferromagnetic host metals have been 
intensively studying since early sixties [8]. The systems 
involve Fe dissolved in metal alloys, e.g., NiaGa with 
F^ = -0.97, Ni in Pd host {F^ = -0.9) and Co impuri- 
ties in Pt {Fq — —0.5) [9]. Of late years the giant moment 
of Co impurities has been experimentally observed in al- 
kali metals (Cs and Na) where it has been attributed to 
the possible instability in alkali metals towards formation 
of a charge density wave [10]. The effect of paramagnons 
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has been also studied in liquid He^ which is another ex- 
ample of Fermi liquid not so far from the ferromagnetic 
instability {F^ = -0.66) [11]. 

In the paper we consider a dilute system of magnetic 
impurities with density njmp ^ a~^{l + Fq)^^'^ in nearly 
ferromagnetic Fermi liquid such that we do not need to 
take into account the interaction between impurity spins. 
We present the detailed renormalization group analysis for 
the problem both in the weak coupling limit which first 
was considered in the seminal paper [5] by Larkin and Mel- 
nikov and in the strong coupling limit. We investigate the 
temperature (T) behavior of the zero field magnetic sus- 
ceptibility x(2^) of the impurity. We find that the function 
Tx{T) decreases as temperature is lowered and determine 
its asymptotics at low and high temperatures (cf. Eqs. (|44|l 
and (|49l) ). We show that derivative of the function Tx{T) 
with logarithm of the temperature has a maximum. 

We start out, in Sec.|21from the formulation of the ef- 
fective low-energy description for the imaginary time dy- 
namics of a single spin-S impurity in nearly ferromagnetic 
Fermi liquid. In Sec. Olwe analyze the effect of the inter- 
action with paramagnons in the first and second orders of 
the weak coupling expansion. In Sec. 0] we perform strong 
coupling analysis of the interaction with paramagnons. On 
the basis of the perturbative results we derive the renor- 
malization group equation that governs the change of the 
effective coupling with temperature and present results for 
its temperature dependence (Sec. ISJ- In Sec. we derive 
the asymptotics for the zero field magnetic susceptibility 
of impurity at low and high temperatures. We end the 
paper with conclusions (SeclTJ. 
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2 Model 

A single spin-S impurity placed into Fermi liquid at point 
r = is described by the total hamiltonian H — Hc\ -t- i?ex 
where -ffci denotes the hamiltonian of electrons and 



(1) 



is the exchange hamiltonian. Here V'^(r) and ■(/'(r) are the 
creation and annihilation operators for electrons and tr" 
with a = x,y, z denotes the Pauli matrices. In the pa- 
per we consider the case of small exchange coupling and 
nearly ferromagnetic Fermi liquid such that the conditions 
1 -I- Fq <C I <C 1 with V being the electron density of 
states per one spin are satisfied. Integrating out the elec- 
trons to the lowest order in the parameter (Jv)^ ^ 1 we 
obtain the effective action for the impurity spin dynamics 
in the imaginary time [5] 



J2 /-/S 



r0 

/ dTldT2P(0,Tl-T2)S(Tl)S(T2). 

Jo 



(2) 



Here (3 = 1/T and the kernel T>{r,T) of the effective ac- 
tion ^ is the spin-spin correlation function of electrons 



I?(r,r)^"^ = (V't(o^O)<V'c(0,0)V'I(r,r)4V/(r,r)). 

Assuming that electrons can be described in terms of 
Fermi liquid close to the ferromagnetic instability then the 
spin-spin correlation function I?(k, a;„) strongly depends 
on wave vector k and frequency LUn — ^nTn even if they 
are small \ujn\ ^ kvp and k <^pp [5,7] 



I?(k,w„) 



2u 



l + F^ + a'^k^ + n\uJn\/i2kvF) ' 



(4) 



Here ly = p|,/(27r^Wi?) with vp and pp being the Fermi 
velocity and the Fermi momentum respectively. The scale 
a cannot be expressed in terms of the Fermi liquid pa- 
rameters. In the ladder approximation a was found to 
equal pj}/\/T2 [7]. However, this approximation cannot 
be justified in nearly ferromagnetic Fermi liquid. For ex- 
ample, estimate from the experimental data on He'^ yields 
a^OApp^[U]. 

The function I?(k, a;„) describes the propagation of low 
energy boson excitations usually called paramagnons. For 
the reasons to be explained shortly we introduce 



[I?(k,c^„)-I?(k,0)] 



(27r)3 
'2a^pl{l + F-y 



^B(^) (5) 



where D(0) = 1 and D(z) -> At: / {i^'"^ z^/^) in the limit 
z oo [12]. As it was first shown in Ref. [5] the con- 
tribution from high frequencies \oJn\ ^ Eq = 4£'f(1 -|- 
Fq Y/"^ / {iTapp) with Ep being the Fermi energy does 
not lead to any divergences. In what follows we sub- 
stitute I?(0, r) in the effective action (jJl by D{t) = 



^Ec^„ -D(w„)e-'""^ where D(w„) is given by Eq. © with 
D(z) — 0{\ — z). Here 0{z) denotes the Heaviside step 
function. 

In general, the physics associated with hamiltonian 
strongly depends on sign of the exchange coupling J. How- 
ever, as one can see from effective action the effect 
of paramagnons is independent of sgn J. We discuss this 
point in Seed below. 

3 Renormalization group analysis in the weak 
coupling limit 

Equations (0) and lO indicate that there is a single di- 
mensionless parameter 



go 



{appni + F-) 



(6) 



that governs the low-energy dynamics of the impurity 
spin. In the weak coupling limit in which we assume 
go being small it is convenient to transform the effec- 
tive action Q as follows i) to decouple the spin-spin in- 
teraction by a paramagnon field Aq with a help of the 
Hubbard-Stratonovich transformation [13]; ii) to intro- 
duce the Abrikosov pseudofermions with creation c]„ and 
annihilation c„i operators in which a subscript m runs 
from ~S to S [14, 15]. Then the effective action becomes 

ScS = / dTcJ„(r) [{dr + T])^rnni' ~ J S"^^, Xa{T)] (t) 

Jo 

1 r'^ 

--/ dndT2Xo.{Ti)D-\n ~ T2)Xc.iT2) (7) 

^ Jo 

In order to eliminate the contributions to the physical 
quantities from nonphysical states we have introduced the 
chemical potential rj which we should tend to minus infin- 
ity, r] —oo. At the end of all calculations we leave only 
the leading order term in series expansion of a physical 
quantity in powers of exp(/377) [14, 15]. This procedure re- 
sults in the absence of renormalization for the paramagnon 
propagator D{u!n)- 

The diagrammatic technique for the action (UJ in- 
volves the paramagnon propagator D(a;„), the pseud- 
ofermion propagator Gmm'i^n) where e„ = 7rT(2n + 1) 
and the paramagnon-pseudofermion interaction vertex 
FsiuJn, ^n)S'^^,. In the zero order approximation they are 
given as 



'(e„) = G(e„)(5„ 



(8) 

By using the standard diagrammatic technique we cre- 
ate the perturbative expansion for action {Tj) in powers 
of go- For a sake of simplicity we shall analyze the action 
at zero temperature. Therefore at the end of all calcula- 
tions the analytic continuation from upper half complex 
plane to the real axis ie„ ^ e + «0 and iujn —fLO-\-iQ 
will be performed. The basic objects to consider are the 



I. S. Burmistrov: On magnetic susceptibility of a spin-S impurity in nearly ferromagnetic Fermi liquid 



3 




< 



Fig. 1. The first order contributions to (a) the self energy 
£'(e„), (b) the vertex rs{LOn,en)S" . Solid line denotes the 
paramagnon propagator D{u)„) whereas dashed line stands for 
pseudofermion propagator G(e„). 



(a) 




Fig. 2. The second order contributions to the self energy X'(e„) 



pseudofermion self energy X!{E) — E — G^^{E) and vertex 
Fsiuj = 0, E) where we introduce E = e + rj for a brevity. 

The theory described by action ((TJ) remains invariant 
under the set of renormalization group transformations 
r ziE, Fs —> 22-^3 and Jv —> ziZ2^Jv where r{E) — 
1 — S{E)/E [16]. It allows us to construct the so-called 
invariant charge 



9{E) = 90 



r^{E) 



(9) 



that remains invariant under the above transformations. 
Now we shall compute the functions rs{0,E) and r{E) 
perturbatively in go upto the second order [17]. We notice 
that we are interested only in terms which involve powers 
of large logarithms ln£'o/|£'|. Since they appear only in 
the real parts of /s(0, E) and S{E) we shall omit imagi- 
nary parts of them in the final results presented below. 



3.1 First order contributions 

The corrections to the self energy £'(e„) and vertex func- 
tion Fs^uJn, Cn) of first Order in go a-re (see Fig. 

i:(i)(e„) = J^SIfY^D{cu,)G{cu, + e„), (10) 
4'^(w„,e„) = J^SlFj2D{io,)G{io,+er,) 

xG{u;s + en+cjn), (11) 

where = S{S + 1) — a. Evaluation of expressions l|10(l 
and (|11|) at vanishing temperature yields 



i:W(i^) = -|s^i^in|L, 

4'\0,E)^ fs?ln^. 



(12) 
(13) 



3.2 Second order contributions 

The second order corrections to the self energy S are 
shown in Figs.|2a) and[5Jb) and given respectively as 

S^^Hen) = J^SlSjT^ D{u,)DMG{ujs + e„) 

UJs ,i^m 

xG{ujs +1^771 + e„)G(w,„ + e„) 



(14) 



At T we find 



The second order corrections to the vertex /^(ajn, e„) are 
presented in Figs. |2Ia)-(d). They are as follows 

ri') = J^SlSjT^ Y D{lO,)G{lOs + en)G{LOra + £„) 

xD{uJm)G{uJs + U)m + ^n)G{uJs + + En + l^n) 

+ ,PSItYd{uJs)G{u, + e„)F^/\iu„,u;, + e„) 

xG{uJs + e,i + uj„) 
+ J^SlTj2iDi^s) + D{ujs - iOn)]G{ojs + e„) 

xG^{llIs + (-n + LOn)S^''\uJs + + OJn) 



xG{uJs + en)G{uJs + + En + ^n) 
xG{uJs + En + ijJn)G{uJm + + t^^n). (16) 

Evaluating Eqs. (HHJ at T = wc find 



ri2)(o,^) = ^s^spn 



\E\ 



4^1^!^ \E\ \E\ 

30g2g2 /^l 1 2 £^0 .Eq 



^S^Sf -In^f^-lnf^ 
2 ° \E\ \E\ 

9o a2a2 f ^ :2 Eo Eg 



fSfS; -W^-ln^). (17) 



3.3 Renormalization group equation for g 

Combining together Eqs. lO, lO, and |(T7l we ob- 
tain the following result 

^ -'^ I 1 -^0 I , Eq 

-TTTT = — +ln7TT7 +as.9o In 7t;7, 18 
g{E) go \E\ \E\ 
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Fig. 3. The second order contributions to the vertex 



where 



as = -[{S{S + l)-lY 



(19) 



We emphasize that Eo/\E\ terms are cancelled out in 
the final expression for l/g{E). Following the standard 
procedure [15], i.e., taking derivative of l/g(E) with re- 
spect to ^ = In |iJ|/i?o and then substituting g{E) for go 
in the right hand side of Eq. p8|l , we obtain the following 
renormalization group equation 



dg 



^^g' + asg' + 0{g' 



(20) 



Equation H2UI) describes the renormalization of the invari- 
ant charge g in the weak coupling limit. The comparison 
of two first terms in the right hand side of Eq. H2()|l re- 
sults in the inequality g <C that determines the weak 
coupling limit. In virtue of the result a2 = 13 we find the 
significant reduction of the weak coupling region from a 
naive estimate g ^ 1 already for the impurity spin S ^ 2. 

We mention that evaluation of Eqs. ifTUIl . ((TT|l . 1^31 
and (|16() at finite temperatures but E = Q results in the 
same equation as Eq. H2()|l for the renormalization of g 
with temperature but now with ^ = IhT/Eq. This fact 
is in agreement with natural expectations of setting the 
energy scale by temperature T in this case. 



4 Renormalization group analysis in the 
strong coupling limit 



In the strong coupling limit in which g is assumed to be 
large it is convenient to use the Holstein-Primakoff repre- 
sentation for the impurity spin S [18] 



S' = ~S + a^a. (21) 



Here and a denotes bosonic creation and annihilation 
operators. The effective action (O becomes 



J2 f/^ 

SoS^Y J dndT2D{n - T2)S{ti)S{t2) (22) 

+ / dTa^{T)dra{T). 
Jo 

The Holstein-Primakoff representation H21|) has the en- 
larged Hilbert space as compared with one for the spin 
S. This fact becomes immaterial for ggS ^ 1 such that 
we can perform expansion of the square roots in Eq. H21|l 
in powers of a^a and perform standard evaluation of a 
functional integral with the effective action H22|l . 

Expanding the product S(ti)S(t2) to the second order 
in boson fields and a we find the bare propagator G{u!n) 
as follows 



G ^{ujn) = iuJn - ngoS\uJn\/2. 



(23) 



The higher order in and a terms result in the renormal- 
ization of the g. At zero temperature with a help of the 
standard background field procedure we derive the follow- 
ing one-loop result 



g{E) = go + 



2g 
S 



Eo 



-Er 



dio 
2^ 



Giuj)0{\Lo\-\E\). 



(24) 



Here E plays a role of the energy scale that separates the 
'fast' and 'slow' modes. After evaluation we obtain 



9iE) = 90 



1 



TT^S'^go 



1 



1 



1 + 712525-2/4 



In- 



M 

En 



(25) 

If we consider the impurity spin S being a classical vector 
of the fixed length S then at zero temperature the effective 
action (|22l) is equivalent to the so-called one-dimensional 
0(3) model with inverse square interaction. In this case 
the brackets in front oi \n\E\/ E^ in the right hand side 
of Eq. I|25|) should be substituted by unity due to the ab- 
sence of iuin term in the propagator H23(l . Thus, for the 
0(3) model each loop results in a factor g^^S^^. Addi- 
tional sub- leading series in powers of {goS)~^ appears for 
the action H22() as one can see from Eq. H25() . Under as- 
sumption go :s> 2/{ttS) we neglect the sub- leading terms 
in Eq. 1)25(1 . With the same accuracy in calculation of the 
two- loop contribution to the g{E) we omit the term iuj„ in 
the propagator ((23|l . Then, the result coincides with the 
two-loop result for the 0(3) model with inverse square 
interaction found in Ref. [19]. We obtain therefore 



fi,^ ^4 \E\ 
-l{E) ^go + hi — 



InM. (26) 



^252 Eo n^S^go Eo 

Hence, we derive the following renormalization group 
equation 



8 



dC TT^S^ ^ Ti^S^g 



+ 0{g-^). 



(27) 



We mention that Eq. H27I) coincides with the two-loop 
renormalization group equation known for the 0(3) model 
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with inverse square interaction [19]. The sub-leading terms 6 Susceptibility 

neglected above determines the condition g ^ 2/{ttS) of 
applicability for the strong coupling expansion. 



5 Renormalization of g with temperature 

At relatively high temperatures T > Eq the invariant 
charge g equals go- As temperature is lowered the g starts 
to be renormalized. In the weak coupling regime g <C a^ ^ 
the renormalization of g with T is determined by Eq. (|20(l . 
If for a moment we restrict ourselves to the first term in 
the right hand side of Eq. H2()(l we find 



9iT) 



90 



l + golnEo/T- 



(28) 



This expression has been obtained originally by Larkin 
and Melnikov with a help of summation over the parquet 
diagrams [5]. Taking into account the second term in the 
right hand side of Eq. we obtain (T < Tq, go < a^;^) 



Direct measurements of the g(T) in a laboratory is im- 
possible. Fortunately, the information about behavior of 
the g{T) can be extracted from the zero field magnetic 
susceptibility of the impurity spin. By polarizing electron 
spins the impurity acquires a giant magnetic moment fj.S 
with 1^1 = Mslffimp - OeJi^/i^ + Fo )\ > l5imp|/^s- Here 
^ B denotes the Bohr magneton, gi^ap and ge the g- factors 
of impurity and electrons respectively [5,9]. Thus in the 
presence of a small magnetic field h effective action ({7|l 
acquires the standard term 



Sh = -fJ.h dTcl^{T)S^^,Cm'iT). 



(32) 



The zero field magnetic susceptibility of the impurity can 
be found as [15] 

x{T) = T lim —r InT G'™„(ie„). (33) 

h->0 Oh,'' ^ — ' 



In 



T T 



To = g^'e'/o"Eo. (29) 



Equation if^ demonstrates that for T <C Tq the g{T) de- 
creases as temperature is lowered faster than predicted by 
the lowest order result (|28|l and faster for larger impurity 
spin S. 

In the strong coupling limit g 3> 2/{'kS) by solving 
Eq. H27|l wc find the following temperature dependence 
(T » To, go » 2/(7r5)) 



9iT) 



Tn = 



To 



(30) 



The result indicates that for T > Tq the g{T) lowers 
with decrease of the temperature slower then logarithmi- 
cally and faster for large spin S. 

Let us now assume the existence of the renormaliza- 
tion group function 0(g) = dg/d^ for all values of g ^ 
with asymptotics given by Eqs. (|20|l and (|27|l . We mention 
that for the impurity spin 5^1 [20] the weak (|20|l and 
strong (|27|l coupling asymptotics have a range in which 
they both are applicable. In the case of larger S there 
exists a broad region ^ g ^ 2/ (nS) where the quan- 
titative behavior of function (f){g) is unknown. In general, 
it is natural to expect that the function 0(g) is positive for 
all g > and has the maximum at some value g = gmax- 

Existence of the maximum in the renormalization 
group function (j){g) signals about the presence of a new 
energy scale in the problem 



Tmax = Eq CXp 



dg 

Wr 



(31) 



For the system with large value of go the energy scale 
Jniax separates temperature ranges of the strong and weak 
coupling regimes. 



It is convenient to write the general expression for the 
susceptibility as follows 



X{T) = 



^l''s{s + l) 

3T 



r{go,T/Eo). 



(34) 



Here T{go,T/ Eq) is some dimensionless function and we 
singled out the typical factor of the Curie- Weiss suscep- 
tibility for a free spin in Eq. H34|l for convenience. Let us 
now perform a change of the temperature scale T — > AT 
such that [21] 

r(go,T/i?o) = Z{X)r{g{\-'),XT/Eo). (35) 

The conditions Z{1) — 1 and g(l) — go should be obvi- 
ously imposed. The right hand side of Eq. should be 
independent of an arbitrary scale parameter A. Thus we 
obtain the following equation for Z{\) 

dlnZ(A) dlnTig{\-^),^) 

^ d\n\ ^ C(ff(A-i)). (36) 

By solving Eq. (|36|l for A = Eq/T and taking into account 
that g{T/Eo) = g{T) we find 



X{T) 



^l''s{s + l) 



F{9{T)), 



3TFigo) 

where we have used the fact that T{g{T), 1) = 1 and 



F{g) = exp [ - f du 



(37) 



(38) 



In the weak coupling regime we compute T(g(i), ^) 

perturbatively in g(A~^) for A of the order of Eq/T. To the 
lowest order in g(A~^) the pseudofermion Green function 
in the presence of a small magnetic field h becomes 

(en) = 5^m' [{ien + V)r{en) - hmEsiO, e„)] . (39) 
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Here r{€n) and /s(0,e„) are given by Eqs. (O and (O- 
With a help of Eq. ^ we find 



T(.g(A-i),Ar/i?o) = l + <?(A-i)ln 



AT 

Eq 



Then Eq. ^ yields 

C(g) = -9 - 0{9^) 
and we obtain the function F{g) at 5 ^ a^^ as 
F{g)^ const g{\ + 0{g)). 



(40) 



(41) 



(42) 



Equations (|4()|l and 142|l allow us to derive the follow- 
ing result for the susceptibility x{T) in the weak coupling 
regime, 5 ^ a^^, 



X{T) 



fi'S{S+l)g{T) 
3Tgo 



(43) 



We mention that the result (|43|1 with g{T) given by 
Eq. 1)28(1 was first found by Larkin and Melnikov [5] with 
a help of a direct summation of the parquet diagrams. 
The derivation presented above is more general since the 
true invariant charge g{T) enters into Eq. H43|) . With a 
help of Eq. (|43|l we find the temperature behavior of the 
susceptibility xi^) at T ^ To (go ^ 0^5^) as follows 



X{T) = 



3Tgo 



ln( ^ln"-'Z£ 
T T 



(44) 



In the strong coupling limit we can perform similar 
analysis as above by expansion in powers of l/g{X~^) 
when A is of the order of Eq/T. By using the perturbative 
result 



T{giX-'),XT/Eo 
we obtain 

Ci9) = 



4 AT 
1 + ^^7^— TVTT^ In 1^ (45) 
TT^S[S + ljg(X '-) Eo 



+ 0{g-'). 



TT^S{S+l)g 
Hence, we find 

T(.g) = const //(^+i)(l + 0((7-i)). 



(46) 



(47) 



With a help of Eqs (|45() and (|47|l we derive the following 
result for the susceptibility x(T) in the strong coupling 
regime, g > 2/{ttS), 



X{T) 



A^^g(g+1) 
3T 



90 



(48) 



By using Eq. (|30|) , we obtain the temperature behavior of 
the susceptibility at T ^ Tq (50 ^ 2/(7r5)) as follows 



X(T) = 



^Tg, 



S/{S+l) 



To 



To 



S/(S+1) 




(49) 



Fig. 4. Sketch for dependencies of the functions Tx{T) (solid 
curve) and Td{Tx{T))/dT (dashed curve) on In T/T*. Both 
curves are obtained by interpolation between the weak 14311 
and strong 14811 coupling asymptotics. See text. 



It is worthwhile to mention that for 5 3> 1 when the impu- 
rity spin becomes classical the function Tx(T) is propor- 
tional to g{T) in both weak and strong coupling regimes. 

According to Eqs. lO and (gHIl the quantity Tx(T) 
decreases with lowering temperature. The derivative 
Td{Tx{T))/dT should have the maximum at some inter- 
mediate temperature T^ that determines by the condition 
(^"^{g) = 4'{g)C,'{9)- We mention that in general the Tt 
does not coincide with the energy scale Tmax- We present 
sketches for the temperature behavior of the functions 
Tx(T) and Td{Tx{T))/dT in Fig.H 



7 Conclusions 

In conclusions we performed the renormalization group 
analysis for the problem of the magnetic impurity in nearly 
ferromagnetic Fermi liquid. We evaluated the second order 
term in the weak coupling expansion of the renormaliza- 
tion group equation for the invariant charge 9. We derived 
the two-loop renormalization group equation for the g in 
the strong coupling regime. We found the low and high 
temperature asymptotics of the magnetic susceptibility of 
the impurity spin x(^) and showed that the derivative 
Td{Tx{T))/dT has the maximum. 

In the discussion above we have neglected the usual 
Kondo contributions [3, 15] which involve odd powers of 
Jv. However such terms do not contain the anomalously 
large coefficients (1 -I- TJf )~^ as it occurs in terms of even 
powers considered above. As it was originally shown by 
Larkin and Melnikov [5] the condition g ^ \ J\v ^ ov equiv- 
alently, | Jj;/ ^ I+-P0' is sufficient to omit odd in Jv terms. 
The results obtained above are valid therefore only at not 
too low temperatures T :^ Ti ^ i;oexp[-c(l + F^y^] 
where c — \/{l(Sa^p\). For c of the order of unity and 
1 -I- Fq <C 1 the temperature T; can be of the several or- 
ders in magnitude less than _Eo . At the temperature T; the 
giant magnetic moment of the impurity /i is totally com- 
pensated such that the impurity susceptibility becomes 
x{Ti) - ^x%S{S + l)/Ti. At lower temperatures T < T; the 
usual physics of the multichannel Kondo problem [22] with 



I. S. Burmistrov: On magnetic susceptibility of a spin-S impurity in nearly ferromagnetic Fermi liquid 



7 



the number of channels of the order of c(l + Fq)~^ mani- 
fests. It is worthwhile to mention that the presence of the 
paramagnons complicates the subject as compared with 
the standard multichannel Kondo problem at T < T; [23] . 

Also we mention that the temperature dependence of 
part of the resistance related with scattering on the mag- 
netic impuriti(^s should have the same features as quantity 
Tx{T) for not too low temperatures T ^ Ti [5]. 

Finally, we emphasize that new detailed experimental 
investigations of the zero field magnetic susceptibility of 
impurity as well as the resistance in nearly ferromagnetic 
Fermi liquid are necessary to test the predictions made in 
the paper. 
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